The purpose of this research is to investigate the impact of magnetic dipole on the flow of nanofluids over the extending surface. This study is based on steady and non-porous medium with no-slip conditions. Two types of nanofluids are examined under the effect of operative Prandtl model and thermal convection. The experimental results comprising the spreading of gAl 2 O 3 ÀH 2 O and gAl 2 O 3 ÀC 2 H 6 O 2 have been used from the existing literature with and without the magnetic dipole. The basic governing equations are transformed using the transformation into a set of nonlinear differential equations for both categories of nanofluids. The fourth-order Runge Kutta numerical scheme has been executed to solve the nonlinear ordinary differential equations. The impacts of the embedded parameters such as nanofluid volume fraction, Prandtl number, and dissipation term have been examined and discussed. The important features of the study such as Curie temperature, skin friction, and local Nusselt number are also analyzed physically and numerically. (1) It is perceived that ethylene glycol-based nanofluids are more effective due to their strong thermophysical properties compared to water-based nanofluids. By increasing the volume fraction f, the temperature of the nanofluids (gAl 2 O 3 ÀC 2 H 6 O 2 and gAl 2 O 3 ÀH 2 O) is increased, and this is due to the fact that nanofluids exhibit high thermal conductivity compared to ordinary heat transfer fluids. (2) It is observed from the obtained results that the magnetic dipole is usually used to control the turbulence behavior of the fluid flow.
Introduction
Nanofluids are effective agents for energy resources. These fluids play a vibrant part in the enhancement of heat transmission devices used in various industries and engineering fields. Both energy gain and regulation of the consumption of energy by nanofluids are not sufficient, and these are possible only by opting for advance heat transfer liquids to control the wastage of energy and to gain the most heat transmission, which are the demands of the industry and other relevant scientific fields. Prior to the utilization of nanotechnology, analysts and engineers have confronted such large numbers of issues in identifying the heat transfer fluids; however, the advancement of nanometer-sized particles and their use in the heat transfer fluids have together enhanced thermal conductivity. The mixture of smallsized metal atoms up to 5% of the base liquids is known as nanofluids. The popular small-sized particles of metal and their oxides are CuO,Fe 2 O 3 , SiO 2 ,Al 2 O 3 , and so on, and the base liquids are water, lamp oil, motor oil, ethylene glycol (EG), and so forth. Generally, common liquids have low thermal efficiency, and the addition of nanoparticles of metals 1-100 nm in size expectedly improves the thermal efficiency of the nanofluids as a whole.
In 1995, a Chinese researcher exhibited his primary document about nanofluid in the field of nanotechnology. 1 He projected another category of liquid with increasing thermal properties. These nanofluids included dense particles (1-100 nm) of different metals like alumina, copper, gold, and so on and base fluids like H 2 O, EG, engine oil, and so on. After the advent of this technology, numerous engineering issues have been tackled-particularly problems relating to low thermal conductivity of ordinary liquids were overcome because of the pioneering work in the field of nanotechnology. Due to these properties of nanofluid, many analysts started investigating the nanofluid flow in different geometries. Sandeep et al. 2 examined the thermal improvement in the time-dependent nano liquid, including aluminum alloy nanoparticles AA7072 and AA7075, and applied magnetic field. They examined the characteristics of these cited nanoparticle alloys on the momentum and thermal boundary layers. Ahmed et al. 3 examined the impact of carbon nanotube (CNT) nanofluids considering the stream between Riga plates. Sheikholeslami 4 analyzed copper oxide-water nanofluid using the Darcy law. Sheikholeslami and Vajravelu 5 scrutinized heat transfer of nano liquid flow in a cavity by applying various magnetic fields. Aman et al. 6 described the impact of golden particles of size 1-100 nm on Poiseuille flow passed through an absorbent medium and observed the variation in the thermal fields. Khan et al. 7 mathematically examined the squeezed flow of nano liquid in a rotating conduit. Nguyen et al. 8 experimentally analyzed properties and the degree of temperature improvement of Al 2 O 3 water-based nanofluid flow in a closed scheme. Kulkarni et al. 9 used Al 2 O 3 nanofluid in a diesel generator as a coolant to enhance the efficiency of precise heat capacity measurements. Zamzamian et al. 10 12 observed the shape study of nanoparticles considering mixed convection of the nano liquids. The shape effect of the nanoparticles during fluid motion is also examined by Ahmed et al. 13 Gul et al. 14 explored the heat transmission in ferrofluid in the existence of a magnetic field. Imran Ullah et al. 15, 16 examined the impact of various embedded parameters using the Casson fluid. Sheikholeslami 17 and Sheikholeslami and Shehzad 18 studied the flow of the nano liquid considering the heat flux boundary conditions and control volume finite element method (CVFEM) analysis. Malvandi and Ganji 19 explored the nanoparticle migration of alumina dispersed water nanofluid. They showed graphically that nanoparticles are more concentrated near the central section of the waterway and less concentrated near the heated wall, so the nanoparticles migrated from the heated wall toward the colder section. Ganguly et al. 20 examined the forced convection heat transmission augmentation using a magnetic fluid under the effect of line dipole. They correlated the rise in heat transmission due to thermomagnetic convection with those properties of nanofluid under the effect of the applied magnetic field. Malvandi and Ganji 21 theoretically studied the effect of nanoparticle movement in a perpendicular conduit under the effect of magnetic dipole. Haghshenas Fard et al. 22 calculated arithmetically the laminar convective heat transfer of nanofluid in a circular tube using a single-phase versus a two-phase model. They showed that particle concentration had increased heat transfer coefficient. Bahremand et al. 23 examined the turbulent nanofluid flow using the experimental approach. Lee et al. 24 examined nano liquids comprising oxide nanoparticles and measured their thermal conductivity using transient hot-wire methods and experimentally showed that nanofluids containing a small number of nanoparticles have high thermal conductivity compared to the same liquid containing no nanoparticles. Al 2 O 3 particles of size 1-100 nm are divided into two types: aAl 2 O 3 and gAl 2 O 3 . Maciver et al. 25 explored the characteristics of two classes of models: hAl 2 O 3 and gAl 2 O 3 . The thermophysical properties of nanofluids comprising alumina through experimental results are clearly defined in previous works. 26 Approximate solution is attained using the homotopy analysis method (HAM), and for mathematical computation of the model, the fourth-order Runge Kutta (RK-4) method was adopted. Rashidi et al. 31 examined the influence of the same nanofluids over an upright extending sheet. They studied the impact of the various embedded parameters including entropy regime. Hayat et al. 32 have examined the same nanofluid under the effect of entropy generation.
Andersson and Valnes 33 are pioneers in developing the idea of the magnetic field generated by the magnetic dipole to produce the resistive force and to slow down the fluid motion. The impact of magnetic dipole comprising the Jeffrey fluid flow over spreading surface is established by Zeeshan et al. 34 Noor and Nadeem 35 have examined the nanofluid flow under the influence of magnetic dipole.
Sarafraz and Safaei 36 experimentally showed the thermal performance of a solar collector, equipped with evacuated tubes using graphene-menthol nanofluids. Sarafraz et al. 37 conducted an experimental study of convective heat transfer in graphene nanoplatelets mixed in water-EG. Sarafraz and Arjomandi 38 experimentally investigated the increase in heat transfer coefficient, pressure drop, and fraction factors of the microchannel heat sink for different concentrations and temperatures of the liquid metal nanofluid. Sarafraz et al. 39 in his work synthesized particles of silver that were mixed in coconut oil to obtain nanofluid and then experimentally examined whether the thermal conductivity and viscosity of that nanofluid were enhanced due to silver particles in the oil. Salari et al. 40 highlighted the thermal performance of alumina nanofluids during the quenching process of a surface at the boiling condition and also investigated the potential application of alumina mixed water nanofluids for cooling as well as heat transfer mechanism. Arya et al. 41 experimentally investigated the thermal performance of a flat heat pipe working with CNTs and showed that by increasing CNTs/water, the heat transfer coefficient increased by 40% over the deionized water.
The main purpose of this work is to examine the behavior of gAl 2 O 3 ÀC 2 H 6 O 2 and gAl 2 O 3 ÀH 2 O nanofluid flow in the existence of magnetic dipole. Experimental results from the available literature containing the steady dispersal of gAl 2 O 3 ÀH 2 O and gAl 2 O 3 ÀC 2 H 6 O 2 have been used. The influence of the physical parameters over the momentum and thermal boundary layers under the influence of the magnetic dipole has been investigated. The researchers have used the various analytical and numerical techniques [42] [43] [44] to find solution to nonlinear problems. Sheikholeslami et al. 45 investigated the cooling process using nanofluid spray on an inclined rotating disk. They used the RK-4 technique to find a solution to the nonlinear problem.
A numerical method known as RK-4 scheme 7,46-49,50 has been implemented in solving the current problem.
The impact of the physical parameters has been investigated under the effect of magnetic dipole and discussed.
Mathematical formulation
The flow of two types of nanofluids comprise gAl 2 O 3 dispersed in water (gAl 2 O 3 ÀH 2 O) and in EG (gAl 2 
Magnetic dipole applies to the nanofluid models in such a manner that its center lies along the y-axis and apart at c from the x-axis. The flow of the nanofluids is due to the stretching of the sheet. U w = Sx signifies the velocity of the extending sheet, while T w and T c (T w .T c ) stand for the initial and ambient temperatures, respectively. Here, we consider T ' as the temperature of fluid above the surface, such that T w \T ' \T c . The nanofluid flow is considered only along the positive direction, and hence the magnetic dipole effect is applied accordingly.
The nanofluid flow analysis and all other assumptions are used as in previous works. 33, 35 The basic flow and thermal equations are settled as
In the existence of viscous dissipation, the above three equations are taken for solving the problem. The velocity component along the x-axis is u and along the y-axis is v, while r nf is the density of the nanofluid, m nf is the dynamic viscosity, and (rCp)nf is the specific heat of the nano liquid. In equation (3), knf is the thermal conductivity of the nanofluids and m 0 is the permeable magnetic field. The symbols P, T, M, and H indicate pressure, temperature, magnetization, and the magnetic field, respectively. Appropriate boundary conditions for the boundary value problem are supposed to be of the form 33, 35 uj y = 0 = U w = Sx, vj y = 0 = 0, T j y = 0 = Tw, uj y!' ! 0,
In equation (4), U w = Sx is the extending velocity and S is the dimensionless constant; appropriate temperature condition will be at y = 0 and y ! '; define various boundary temperatures: T c is the Curie temperature and T ' is the ambient fluid temperature.
Magnetic dipoles
Magnetic dipole affects the flow of the nanofluid stretched over an extending surface. Magnetic scalar potential denoted by representing the magnetic dipole region can be expressed as 34, 35 
Here, the symbol g 1 shows the strong point of the magnetic field at the base and c denotes the length apart from the x-axis. The magnetic field (H) has two components and are expressed as 35
Equations (6) and (7) are obtained from the differentiation of equation (5) with respect to x and y, respectively. A mathematical expression for H is given as 35
The magnetic body force corresponds to the gradient of the magnitude of H.
Plug values in equation (8) to get the associated equations as
Magnetization M is affected by the temperature T and mathematically can be written as
In the above expression, the Pyro magnetic coefficient is represented by K 1 . The round lines in the physical formation of the problem as indicated in Figure 1 specify the magnetic field.
Transformation
For the transformation of the main equations, the dimensionless variables are introduced as defined by Andersson and Valnes, 33 and Noor and Nadeem 35
where u 1 (h, j) and u 2 (h, j) are the dimensionless temperature terms and m f is the dynamic viscosity. The dimensionless and consistent coordinates are as stated
Continuity equations are satisfied directly by the function described above and the velocity components achieved as 
In the above model equations, f represents the solid particle volume fraction. The density and heat capacitance of the base liquids and solid particles are, respectively, represented by the parameters r f , r s , (rCp) f , and (rCp) s .
The dynamic viscosity of the two types of nanofluids satisfies 31, 32 and is calculated as 
The operative thermal conductivity of the gAl 2 O 3 dispersion in H 2 O and EG to perform nanomaterial synthesis satisfies 24, 27 
The effective Prandtl number modeled for the two types of nanofluids satisfies 28 
For gAl 2 O 3 ÀH 2 O, by inserting the above thermophysical properties and transformation equations (12)-(14) mentioned above, the momentum and thermal boundary layers yield the form
For gAl 2 O 3 ÀC 2 H 6 O 2 , by inserting the above thermophysical properties and transformation mentioned in equations (12)-(14), the momentum and thermal boundary layers yield the form
In the above linear equations, b represents the hydrodynamic interaction 33, 34 and is defined by
Prandtl number Pr is expressed as Pr = v=a, Curie temperature as e = T ' =(T c À T w ), viscous dissipation as l = Sm 2 =(rk(T c À T w )), and magnetic field strength asg Ã = ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi S rc 2 =m p . Expression for skin friction coefficient is given by C f = À 2t w =r nf U 2 w , where t w = m nf (∂u=∂y)j y = 0 . The Nusselt number is defined as
Thus, the skin friction coefficient and the Nusselt number having dimensionless equations are obtained as follows 34,35
where local Reynolds number is denoted by Re x = xU w (x)=v f = Sx 2 =v f l, based on the extending velocity
x C f is the local skin friction coefficient, and
x Nu x is the Nusselt number.
Solution methodology
The variables are selected to alter the equations 7-9 into the system of first-order differential equations for RK-4 scheme [42] [43] [44] [45] [46] [47] [48] 
Using properties of fluids of equations (15)-(18) and equation (29) , the above three equations (19)-(21) of nanofluid gAl 2 O 3 ÀH 2 O become as follows.
For nanofluid gAl 2 O 3 ÀH 2 O, the system with physical conditions is given as 
A1r nf r f
For nanofluid gAl 2 O 3 ÀC 2 H 6 O 2 the system with physical conditions is given as 
Results and discussion
Two types of nanofluids gAl 2 O 3 ÀH 2 O and gAl 2 O 3 ÀC 2 H 6 O 2 have been used for the heat enhancement applications. The thermophysical properties of the nanomaterials have been used from the experimental data available in the literature. The flow analysis is settled over an extending surface in the existence of magnetic dipole and viscous dissipation. Solution to the problem has been tackled through the RK-4 method. The obtained results have been highlighted through Figures 2-10 . Figure 1 demonstrates the geometry of the problem. Figure 2 indicates the velocity variation with the increasing concentration of volume fraction. In fact, the concentration of the fluid by adding nanoparticles decreases the speed of the nano liquid. Here, we see in the case of gAl 2 O 3 ÀC 2 H 6 O 2 that the velocity of the fluid decreases as we enhance the concentration of the nanoparticles. In fact, adding solid particles in the base fluid enhances the density of nanofluid, in turn reducing the axial velocity. Furthermore, the existence of magnetic dipole creates a magnetic field for the nanoparticles and consequently the velocity declines. This implies that the magnetic dipole plays a vital part to control the motion of the nanoparticles. The increasing strength of the magnetic dipole g Ã = 0:10, 0:15, and 0:20 declines the flow motion, and this effect is almost the same for both nanofluids gAl 2 O 3 ÀH 2 O and gAl 2 O 3 ÀC 2 H 6 O 2 , as depicted in Figure 3 . Figure 4 , displays the effect of the ferrohydrodynamic interaction b. We see that velocity of the fluid is enhanced when the magnetic effect is zero, but with the application of magnetic dipole, the velocity of the fluid reduces as we increase the effect of magnetic dipole. This result verifies the well-known argument that the magnetic field is usually used to control the turbulence behavior of the fluid flow. Magnetic effect on nanofluids (gAl 2 O 3 ÀC 2 H 6 O 2 ) and (gAl 2 O 3 ÀH 2 O) is comparatively similar. Hence, we can say that the nanofluid flow can be organized by the magnetic field. Figure 5 shows that by enhancing the volume fraction f, the temperature of the nanofluids (gAl 2 O 3 ÀC 2 H 6 O 2 ) and (gAl 2 O 3 ÀH 2 O) is increased, and this is due to the fact that nanofluids exhibit high thermal conductivity compared to ordinary heat transfer fluids. The nanoparticles, due to the large surface area, produce high thermal conductivity in nano liquids. Hence, in the case of nanofluid gAl 2 O 3 ÀC 2 H 6 O 2 , the temperature increases with the increasing volume fraction better than the nanofluid gAl 2 O 3 ÀH 2 O. In fact, the thermal conductivity of gAl 2 O 3 ÀC 2 H 6 O 2 is comparatively stronger than the gAl 2 O 3 ÀH 2 O nanofluid. The same effect has been observed for the larger amount of nanoparticle volume fraction f versus temperature field u 2 (j) in Figure 6 . The impact is clearer using the gAl 2 O 3 ÀC 2 H 6 O 2 nanofluid. Because of the thermophysical properties, gAl 2 O 3 ÀC 2 H 6 O 2 nanofluid is stronger than gAl 2 O 3 ÀH 2 O nanofluid, which concedes to enhance the temperature field u 2 (j) more effectively. The increasing amount of the Curie temperature parameter e enhances the fluid temperature as shown in Figures 7 and 8 . Definitely, the larger amount of e increases the thermal efficiency of the nanofluids. The increasing effect is more effective using the gAl 2 O 3 ÀC 2 H 6 O 2 nanofluid compared to the gAl 2 O 3 ÀH 2 O nanofluid, and the effective thermophysical properties of EG are responsible for this enhancement. Figures 9 and 10 display the impact of viscous dissipation parameter (l) on the temperature field. It is clear from the figure that by enhancing the value of viscous dissipation, the temperature field boosts up and this impact is comparatively better by means of the gAl 2 O 3 ÀC 2 H 6 O 2 nanofluid. Table 1 depicts the thermophysical properties of the materials. The effects of the greater amount of f, b, and g Ã versus the skin friction comprising gAl 2 O 3 ÀH 2 O and gAl 2 O 3 ÀC 2 H 6 O 2 nanofluids have been shown in Table 2 . The greater values of these constraints enhance the skin friction. Increasing the volume fraction of the nanoparticles and the greater values of the magnetic constraints generate the resistance force, consequently enhancing the skin friction, and this effect is relatively more effective using the gAl 2 O 3 ÀH 2 O nanofluid. The increasing values of Pr enhance the cooling effect and consequently the Nusselt number, as displayed in Table 3 , which enhances the skin friction and declines the heat transfer rate. The strong thermophysical properties of the gAl 2 O 3 ÀC 2 H 6 O 2 nanofluid provide rapid cooling with the enhancement of Prandtl number. The increasing values of the hydrodynamic interaction constraint (b) and viscous dissipation term (l) decrease the Nusselt number. Physically, the heat enhancement ability of the nanofluids enhances with these parameters, and therefore, the larger amount of these parameters declines the Nusselt number. 
Conclusion
The main aim of this research is to analyze the applicability of the idea of two nanofluids (gAl 2 O 3 ÀH 2 O) and (gAl 2 O 3 ÀC 2 H 6 O 2 ), while aluminum oxide nanoparticles are used for two different base fluids (water and EG). The properties of aluminum oxides and base liquids are shown in Table 1 . Phenomena of thermal conduction have been mentioned in the consequent nanofluids. The solution of the problem is numerically obtained with the help of the RK-4 method. Analysis has been made through graphical representation using Mathematica software. The main points of the flow problem are given below:
An increment in volume fraction causes reduction in the axial velocity and hence increases the temperature under the effect of magnetic dipole. The increasing value of ferromagnetic interaction (b) in the temperature field is enhanced and the velocity domain is reduced when magnetic dipole is applied. Curie temperature parameter (e) also enhances the temperature field. It is perceived that by enhancing the value of viscous dissipation, the temperature field boosts up and this impact is comparatively better by means of the gAl 2 O 3 ÀC 2 H 6 O 2 nanofluid. The increasing strength of the magnetic dipole g Ã = 0:10, 0:15, and 0:20 declines the flow motion, and this effect is more important in the case of turbulent flows to control the flow. The strong thermophysical properties of the gAl 2 O 3 ÀC 2 H 6 O 2 nanofluid provide rapid cooling with the enhancement of Prandtl number, consequently leading to the increase in Nusselt number.
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